Time and Commuting to Work on Mental Health: Masanori OHTA, et al. Department of Health Development, University of Occupational and Environmental Health-Although some evidence suggests that exercise may improve mental health status, information regarding the intensity and duration of exercise is incomplete. The purpose of this study was to elucidate the association between physical activities in both leisure time and commuting to work and mental health. A questionnaire survey was conducted at three municipal offices in Japan. A total of 670 men and women completed the questionnaire. Mental health status was assessed by the 28-item General Health Questionnaire (GHQ). Respondents were asked about weekly hours of leisure-time exercise for four levels of exercise, and the volume of exercise was assessed using a metabolic equivalent task index. Information about commuting to work on foot or by bicycle was also obtained. The mean GHQ scores were calculated according to physical activity levels using analysis of covariance with adjustment of potential confounders including job stress. In men, the GHQ score decreased steadily with increasing levels of leisure-time exercise, and an inverse association was evident even for mild intensity exercise. Moreover, the GHQ score decreased according to increasing duration of time on commuting to work by either walking or cycling in men, but not in women. These relations did not materially change after adjustment for potential confounding factors. In women, there was no significant association between any of the indices of physical activity. In conclusion, leisure-time exercise and walking or cycling during commuting to work may be associated with better mental health in men. (J Occup Health 2007; 49: 46-52) 
According to recent nation-wide surveys by Ministry of Health, Labour and Welfare, more than half of Japanese employees reported job-related distress such as high levels of worry, anxiety or stress at work, and historically the proportion has been over sixty percent in the last decade 1) . As a result of the prolonged recession, employees in many Japanese companies have experienced organizational restructuring, including downsizing and outsourcing, which may be a new source of job stress 2) . In response to such a stressful working life, various measures have been taken or proposed which are directed not only for stress control at the worksite level, but also for personal lifestyles.
Because physical activity may have beneficial effects not only on physical health [3] [4] [5] [6] but also on mental health [7] [8] [9] [10] [11] [12] , it is expected to be an important stress management technique for workers. Although Penedo et al. reviewed mental and physical health benefits associated with physical activity 13) , it remains unclear what levels of intensity, frequency and duration of exercise are effective for stress control. Recently, Kull showed that even low levels of physical exercise in leisure time were related to good mental health in women 14) , but this report focused only on the frequency of leisure-time exercise. For Japanese office workers, however, walking while commuting to work appears to be an important contribution to daily physical activity 15) . Moreover, studies of physical activity and mental health to date [8] [9] [10] [11] [12] have not controlled for job stress, which may be associated with lower levels of leisure-time exercise 16) and thus may be a potential confounder of the association between exercise and mental health.
The purpose of the present study was to clarify the association between physical activities of leisure-time exercise and during commuting to work on mental health while considering job-related stress and other relevant confounding factors.
Methods

Survey
In 2001, a questionnaire survey was conducted as part of a worksite mental health promotion at three municipal offices in northern Kyushu, Japan. We distributed a study questionnaire to all full-time employees except those on long sick leave or maternity leave. A cover letter was also sent asking for the provision of their data for an epidemiologic study. Those who did not intend to participate in the study were asked to sign a rejection form. The completed questionnaire or the signed rejection form was returned to the health division of each office in a special envelope, which was then opened by a researcher. A total of 804 workers participated (97% of eligible employees). After excluding 134 subjects who provided incomplete information for one or more of the items analyzed, 670 subjects remained for analysis. The present study was approved by the health committee of each office.
Mental health status
Mental health status was assessed using the 28-item General Health Questionnaire (GHQ), a self-administered screening instrument designed to detect psychological disorders. The GHQ was chosen, since it has been proven to be a simple and valid instrument for detecting psychologically disturbed persons in both clinical and non-clinical settings. According to Goldberg's method 17) , four response options (1-2-3-4) were given scores of 0-0-1-1, and a total score was calculated by summing these scores for each person. Higher scores indicate higher psychological distress.
Physical activity
Self-rated intensity was used to assess physical activity in our study 18) . Respondents were asked to state the weekly hours of leisure-time exercise engaged in for each of the four activities: strolling or walking; mild exercise, including golf and bowling; moderate intensity exercise, including tennis and volleyball; and strong intensity exercise, including football and basketball. Examples of the intensity referred to the table of classification of energy costs 19) . Total weekly hours of leisure-time exercise was calculated by summing the hours engaged in the four activities, and subjects were divided into three groups (0, <3, and ≥3 h/wk). Regarding the intensity of leisure-time exercise, mild intensity exercise was calculated as the sum of hours engaged in strolling or walking and mild exercises, and moderate or strong intensity exercise was calculated as the sum of hours engaged in moderate and strong exercises. Subjects were divided into three groups using cut-off levels of 0 and 3 hours per week for mild intensity exercise, and 0 and 1 h per week for moderate or strong intensity exercise, respectively. The metabolic equivalent task (MET) index was used to assess the volume of leisure-time exercise. By referring to a relevant article 19, 20) , we assigned MET values of 2, 4 and 6 to strolling or walking and mild exercise, moderate intensity exercise and strong intensity exercise, respectively. Then, we calculated weekly METhours for each activity by multiplying hours engaged in the activity and the corresponding MET and obtained total MET-hours by summing these values for each subject. One MET is the calorie needed per kilogram of body weight per hour of activity, divided by the calorie needed per kilogram per hour at rest and is equivalent to 3.5 mL of oxygen uptake per kilogram of body weight per minute, or to 1 kcal/kg of body weight per hour. The advantage of MET-hours is the ability to evaluate dose-response relationships across categories of mild, moderate and hard physical activity 18) . Subjects were divided into three groups according to leisure-time exercise (0, <12, and ≥12 MET-h/wk).
We asked about whether subjects walked or used a bicycle to commute to work. If so, we further asked about daily minutes for each activity. Subjects were divided into three groups according to total minutes spent on these activities (<10, 10-29, and ≥30 min).
Confounding variables
In the analysis of the relation between physical activity and mental health, confounding factors considered were age, marital status, occupational physical activity and job stress. Age was measured in number of years. Marital status contrasted being married with not being married. Occupational physical activity was divided into sedentary and active work according to job title. Clerical jobs were classified as sedentary work, and other types of work including child-care work, school lunch cooking, and technical jobs were grouped as physically active work. To assess job stress, we used the modified Brief Job Stress Questionnaire (BJSQ). The modified BJSQ includes questions about quantitative job overload (three items), qualitative job overload (three items), physical demands (one item), job control (three items), skill underutilization (one item), interpersonal conflict (three items), poor physical environment (one item), suitable job (one item), rewarding job (one item), and support from supervisors and co-workers (six items) 21) . A score for job stress reflecting imbalance between workload and control and a score for support from supervisors and co-workers were calculated using an equation derived from a survey in Japanese companies 22) . A higher job stress score indicates greater stress, whereas a higher score for support from colleagues indicates lower stress. Since previous studies indicate that levels of physical activity and depressive status may differ between genders, men and women were studied separately 10, 12) .
Statistical analysis
We assessed statistical significance for continuous variables by the Mann-Whitney test and for categorical variables by Fisher's exact test in comparing the distribution of potential confounding variables according to physical activity. The GHQ score was transformed into a logarithmic scale before analysis because of its skewed distribution. Analysis of covariance was used to estimate the means of the GHQ score according to physical activity levels while adjusting for age, marital status, job stress, support from colleagues and occupational physical activity. The trend was tested by assigning 1, 2 and 3 to the lowest through highest levels of physical activity. A level of p less than 0.05 was considered significant. All analyses were carried out using the SAS program, version 8.2 (SAS Institute Inc, Cary, NC). Table 1 summarizes gender differences on sample characteristics, job stress, physical exercise levels and GHQ score. All indices for leisure-time exercise levels were higher in men than in women, whereas physical activity during commuting to work did not differ between men and women. The GHQ score and job stress score were higher among women compared with men, but there was no significant gender difference in the score for support from colleagues. Men tended to be older, married and in sedentary work compared to women. Table 2 shows the distribution of covariates by physical activity in leisure time or in commuting to work. In men, the mean age was the highest in those who spent more than 3 h/wk on leisure-time exercise, and the job stress score decreased monotonically with increasing levels of leisure-time exercise. On the other hand, support from colleagues progressively improved with increasing levels of leisure-time exercise in women. In men and women, the proportion of sedentary work was greater for those who engaged in any physical activity on commuting to work than in those who did not. Table 3 shows unadjusted and adjusted means of the GHQ score between physical activities at leisure and during commuting to work in men. The GHQ score decreased with increasing levels of total hours engaged and the volume of leisure-time exercise. The inverse association was similarly observed both for mild and moderate or strong intensity exercise, although statistical significance was not attained for moderate or strong exercise. Moreover, the GHQ score decreased with increasing duration of commuting time to and from work either on foot or by bicycle. These relations did not materially change after adjustment for potential confounding factors. In women, an inverse association with the GHQ score was not observed for any of the indices of physical activity (Table 4) .
Results
Discussion
A healthy lifestyle, such as eating breakfast regularly, adequate sleep hours, exercising and not smoking 23) , as well as active coping, is associated with lower psychological distress among workers. Although a number of studies have reported the favorable effect of exercise on mental status, detailed information regarding the volume (e.g., intensity, frequency and duration) of physical activity is still being debated. Engaging in regular aerobic physical activity such as brisk walking (at least 30 min per day, most days of the week) is generally recommended for prevention of lifestyle-related diseases including hypertension 24) . The present study shows that even a mild intensity exercise or small volume of exercise (less than 12 MET-h/wk) was associated with a lower GHQ score in men, suggesting that habitual leisure exercise per se contributed directly to a better mental health status, irrespective of the intensity or volume of exercise.
Few studies have focused on the relation between mental health and commuting to work. The prospective data of the Osaka Health Survey showed that the duration of the walk to work was associated with a decreased risk for incident hypertension, moreover even persons who drive to work or use public transportation may benefit form parking or leaving their transportation more than 20 min walk from the office 15) . This study, however, did not focus on the issue of mental health. Our study indicates that 30 min or longer round-trip commuting, either on foot or by bicycle, had a significant effect on mental health status.
The beneficial effect of physical activity on mental health was evident only in men, but not in women. However, Kull showed that even a low level of physical activity was positively related to mental health in women 14) . The reason for this inconsistency is unknown, but the difference in the subject age range from 18 to 45 yr in Kull's study and from 18 to 60 in the present study or ethnic composition may partly account for the discrepancy. Lindquist et al. showed that job stress was higher in men than in women, and that men exercised more than women 25) . On the other hand, Iwata et al. reported that mean scores on the GHQ were higher in women than in men in Japan 26) . The present study showed that job stress and GHQ score were higher in women than in men, and the mean of MET-h/wk was lower in women than in men. Middle-aged women, in particular married women, are in general highly involved in child care and/or housework, which should affect both time available for leisure-time exercise and mental health status. Therefore, the lack of consideration about such daily life activities in the present study may explain the absence of significant association between leisure-time excise and mental health in women. Our study has several limitations. First, the crosssectional design limits causal inference. Whether exercise can contribute to good mental health needs to be examined in controlled studies. Second, physical activity levels were assessed based on a self-administered questionnaire, and neither physical fitness measures nor evaluation of physical activity using accelerometry-based physical activity monitors were available. However, self-reports of physical activity are fairly accurate 27, 28) . Third, cutpoint bias may occur when cut-off levels are determined to maximize the desired effect (e.g., statistical significance, magnitude of effect, or data trends) or are fit to the population-specific data distribution (e.g., sample tertile cut-point) 18 ) . However, we confirmed that the results did not change materially with varying cut-off points from 9 to 12 MET-h per week (data not shown). Fourth, although we considered occupational physical activity levels and work-related stress in the analysis, we did not include other potential confounders including office organization and daily activities in the office. Moreover, we did not obtain information about commuting times of all subjects, so the present finding may reflect an even lower stress score among those who walk or use a bicycle to commute compared to those who do not. Fifth, since all participants were full-time employees of three municipal offices in Northern Kyushu, the present results need to be confirmed in other occupations or industrial sectors. Finally, since the present study assessed general mental health status rather than a clinically depressive state, our findings should not be directly linked to curative measures for depression.
In conclusion, the present study adds to evidence that leisure-time exercise and walking or cycling during commuting to work are each associated with better mental GHQ score was expressed as geometric mean (95% conference intervals). *p for differences from reference. **Adjusted for age, marital status, occupational physical activity, job stress and support from colleagues by using analysis of covariance. ¶ As to the analysis for mild intensity of leisure-time exercise, the variable representing moderate or strong intensity of leisure-time exercise was added in a multivariate model in stead of the variable representing overall leisure-time exercise, and vice versa for moderate or strong intensity of leisure-time exercise.
health in men. Controlled studies are needed to confirm causality concerning physical activity and mental health.
